We evaluated the effects of a new motorway built through deprived neighbourhoods on travel behaviour in residents. This natural experiment comprised a longitudinal cohort (n=365) and two cross-sectional samples (baseline n=980; follow-up n=978) recruited in 2005 and 2013. Adults from one of three study areassurrounding the new motorway (South), an existing motorway (East), or no motorway (North) -completed a previous day travel record. Adjusted two-part regression models examined associations between exposure and outcome. Compared to the North, cohort participants in the South were more likely to undertake travel by any mode (OR 2.1, 95% CI 1.0-4.2) at follow-up. Within the South study area, cohort participants living closer to a motorway junction were more likely to travel by any mode at follow-up (OR 4.7, 95% CI 1.1-19.7), and crosssectional participants living closer were more likely to use a car at follow-up (OR 3.4, 95% CI 1.1-10.7), compared to those living further away. Overall, the new motorway appeared to promote travel and car use in those living nearby, but did not influence active travel. This may propagate socioeconomic inequalities in noncar owners.
Introduction
Social, physical and broader economic environments are recognised as key influences on people's behaviour and health (Sallis et al., 2006) . While cross-sectional studies indicate associations between features of the built environment and both physical activity (Saelens and Handy, 2008) and sedentary behaviour (Koohsari et al., 2015) , there is little longitudinal evidence to show whether and how changing the environment changes these behaviours (National Institute for Health and Clinical Excellence (NICE), 2008; National Institute for Health and Clinical Excellence (NICE), 2014.
Recently, research and policy attention has been drawn to the potential of active travel (walking or cycling for transport) to contribute to daily physical activity (Sahlqvist et al., 2013; Foley et al., 2015) and promote good health (Kelly et al., 2014) . Active travel can be made a habitual, sustainable part of everyday life, as well having important cobenefits such as helping to curb carbon emissions through reduced reliance on motorised transport (Sallis et al., 2015) . In tandem, reducing car use has been identified as an important policy objective (British Medical Association, 2012) because of the relationship between motor vehicle use and poor health (Sugiyama et al., 2016) via physical inactivity, air pollution and injuries from road traffic accidents (Woodcock et al., 2007) . Reducing car use has also been promoted on equity grounds. People from lower socioeconomic backgrounds are less likely to have access to motor vehicles, yet deprived areas bear a disproportionate burden of traffic-related injuries and air pollution (Sustainable Development Commission, 2011) .
The use of active or motorised modes of transport is likely to be influenced by the built environment. Providing new or improved major roads has been shown to increase traffic (Standing Advisory Committee on Trunk Road Assessment, 1994) and, coupled with current patterns of dispersed land use and urban sprawl, contributes to making cars an attractive option (British Medical Association, 2012) . By contrast, preliminary evidence suggests that changes to the environment such as traffic calming, road user charging and constructing walking or cycling infrastructure may promote active travel (National Institute for Health and Clinical Excellence (NICE), 2008; Goodman et al., 2014; Panter et al., 2016) . This limited body of evidence suggests that infrastructure designed to facilitate motorised transport tends to do so, and correspondingly that infrastructure designed to promote active travel also tends to do so. However, the effects on active travel of major new road infrastructure, for example a new motorway (freeway), are unknown. A systematic review has indicated that new urban roads could contribute to community severance (separation of residents from local amenities or social networks), which might adversely affect active travel; but there was, and remains, no clear evidence from intervention studies in this area (Egan et al., 2003) .
The M74 motorway extension in Glasgow, Scotland entailed the construction of an eight kilometre (five mile) section of motorway comprising six lanes through a predominantly urban, deprived area. The new motorway was intended to relieve congestion on the M8, an existing motorway built in the 1960 s which traverses the city centre. Construction of the motorway involved bridging existing local roads and building four new motorway junctions (access points). Advocates of the project argued that relieving congestion would improve local conditions for active travel, whereas opponents countered that the new motorway would simply reinforce car dependence.
The opening of the M74 motorway extension thereby presented an opportunity to examine the impacts of new major road infrastructure on travel behaviour using a natural experimental study. Recently, there have been calls for more evidence of this nature where randomisation is unfeasible, or in this case, impossible (Craig et al., 2012) . Therefore, in this study we aimed to evaluate the effects of living near a new urban motorway on travel, and active travel, behaviour in local communities.
Materials and methods

Design
We examined the effects of the M74 motorway extension on travel behaviour in a natural experimental study of a longitudinal cohort within two distinct cross-sectional samples recruited at baseline (2005) and follow-up (2013). The study received ethical approval from the University of Glasgow (baseline reference FM01304; follow-up reference 400120077).
Further information on the baseline study hypotheses, methods (Ogilvie et al., 2006) and sample characteristics (Ogilvie et al., 2008) can be found elsewhere.
Study areas
To allow for controlled comparisons, we iteratively delineated three study areas in Glasgow using a Geographic Information System (GIS). The study areas were defined as census output areas (the smallest unit for which census data are available) lying wholly or partly within a 500 m buffer surrounding the proposed new M74 motorway extension (South study area), the existing M8 motorway (East study area) and the suburban railway between Cowlairs and Maryhill (North study area containing no motorway).
Aggregate census data, including levels of deprivation and unemployment, home and car ownership, and prevalence of chronic illness, were tabulated for the South (new motorway) study area. The boundaries of the East (existing motorway) and North (no motorway) study areas were then iteratively adjusted using a GIS until they matched the South (new motorway) study area on these characteristics (Table 1) . During this process, field visits were conducted to ascertain the general characteristics of the built environment in the three areas, to confirm the face validity of the general comparability of the study areas and aid in producing the final boundaries. All three study areas extended from near the city centre to residential suburbs, contained other major arterial roads, had a mixture of housing stock and had broadly similar socioeconomic characteristics, but differed in their proximity to motorway infrastructure ( Fig. 1) (Ogilvie et al., 2008) .
Intervention
The M74 motorway extension was built through or close to mainly residential areas and opened in 2011. A pre-construction environmental impact assessment (Scottish Executive, 2003) proposed that the new motorway would relieve congestion on existing motorways and main roads by reducing journey times. Although traffic flows were forecast to increase on feeder roads to the new motorway junctions, the increased efficiency of the motorway network was predicted to divert traffic away from the local road network overall, leading to quieter local roads and improved conditions for active travel and public transport.
However, an independent public local inquiry (Hickman and Watt, 2004) concluded that any benefits on journey times would not be sustained in the long term, and the new motorway would simply encourage the use of, and dependence on, motor vehicles. An overall increase in traffic, as well as the physical presence of the motorway, would degrade the environment, contribute to community severance, and discourage active travel. The inquiry further noted that due to low levels of car ownership, the motorway would be of little use to many local residents and that increasing provision for car users would leave those without cars ultimately more disadvantaged.
In summary, advocates of the motorway argued that it would promote active travel and public transport, whereas opponents argued that it would discourage active travel and promote car use. The authors were independent of all parties making claims about the projected effects of the new motorway.
Sampling and recruitment of participants
Participants were adults aged 16 years or over who responded to a postal survey delivered to their home address. Participants were recruited prior to motorway construction in 2005 (T1), and approximately two years after the motorway opened in 2013 (T2). At each time point, a postal survey was mailed to a random sample of private residential addresses drawn from each of the three study areas using the Royal Mail Postcode Address File. At baseline, participants were given the option to be contacted again in the future. Yearly contact was maintained with those who agreed, and all who could still be contacted were mailed a survey at follow-up. 9,000 surveys in total were mailed at each time point, 3,000 in each study area. In this way we generated a longitudinal cohort and two distinct cross-sectional samples.
A notification postcard preceded each survey, in line with recommendations to maximise response (Edwards et al., 2009 ). Nonresponders were sent the survey again approximately one month after the first mailing. The mailings were seasonally matched, with the initial survey at each time point mailed in October, and staggered over multiple days to encourage responses reflecting different days of the week. Respondents were entered into a £50 ($70) prize draw (baseline) or received a £5 ($7) voucher (follow-up). Responses received more than three months after the first mailing were disregarded.
Measurement
The survey included items on demographic and socioeconomic characteristics, travel behaviour (including a previous-day travel record, see below), physical activity, health and well-being and perceptions of the local neighbourhood.
Travel behaviour
We used a record of all travel made on the previous day which was adapted from similar instruments used in the Scottish Household Survey and the National Travel Survey. For each journey, participants were asked to report the purpose, the mode(s) of transport used and the number of minutes spent using each mode. Both single-and multimodal journeys could be reported. Participants were asked not to report journeys made in the course of employment (e.g. as a taxi driver, or from an office to attend an external meeting) or journeys made purely for exercise or recreation (e.g. walking the dog).
For analysis, we excluded the travel records of participants who returned a completely blank record, returned a record that was deemed implausible, reported not being at home on the day in question, or returned non-numeric responses such as a tick instead of a number of minutes. We retained records in which participants had reported no journeys but had completed other parts of the record such as specifying the day of the week and whether they had been at home, treating these as "true zero" records indicating no travel. Several participants reported journeys for which the purpose was either not stated or deemed ineligible (employment-related or recreational). All such journeys were deleted before further analysis. Time spent using each mode of transport was summed and used to calculate total time spent travelling and time spent using the bus, using the car and walking, all in minutes per day. Because of the very small proportions of participants using the train or bicycle (less than 6%), summary variables were not derived for these modes.
Exposure
Area-level exposure was defined as residence in the South (new motorway), East (existing motorway) or North (no motorway) study area. In addition, we defined another set of individual-level exposures. Using a GIS, we calculated the distance in metres from the weighted population centroid of the unit postcode for each participant's home address by road network to the nearest motorway junction. Unit postcodes are the smallest unit of postal geography in the UK and contain approximately 15 residential addresses on average. As we hypothesised that the effect of a given change in distance from a motorway would be greater among those who lived very close, we transformed this exposure using the negative natural log. The final measure therefore represented proximity to the motorway, whereby a higher value reflected greater exposure and a unit change in exposure corresponded, for example, to the difference between those living 100 m and 300 m from a motorway, or between those living 300 and 800 m away.
Analysis
Descriptive analyses of the longitudinal cohort and repeat crosssectional sample were undertaken at baseline (T1) and follow-up (T2). Differences in demographic and socioeconomic characteristics between study areas and across time points were investigated using one-way ANOVA, t and chi-squared tests as appropriate, and those between the longitudinal cohort and the rest of the baseline sample were explored using t and chi-squared tests.
We then undertook two main sets of analysis. The first examined within-participant change over time in the longitudinal cohort (thereby including all participants who provided data at both time points). The second examined population-level change over time in the repeat crosssectional sample (in which all participants provided data at one time point only, which prohibited the examination of change within individuals).
Preliminary exploration indicated that the assumptions of linear regression could not be satisfied because of non-linearity and skewness; therefore, we used two-part models (Cragg, 1971) to examine the relationship between motorway exposure and travel behaviour. These entail modelling the relationship in two stages: first the likelihood of reporting the behaviour (for example, using the car -yes or no, expressed as a binary outcome), and second the quantity of the behaviour, but only among those who reported it (for example, time spent using the car among those who used the car, expressed as a continuous outcome). For the first stage we used a logit regression. For the second stage we used a generalised linear model (GLM) with a gamma family and log link, because the distribution of the outcome variable remained skewed even after removing the zero values. The resulting incidence rate ratio can be interpreted as the proportional change in the outcome following a one unit increase in the exposure. When using two-part models is it important that zeroes are genuine; in other words, they should reflect people truly not engaging in the behaviour rather than simply not responding to the question. Removing participants who returned a blank travel record during the cleaning procedures described above was intended to satisfy this criterion.
Analyses were carried out using Stata 13 (Timberlake, London, UK) to assess the relationships of (a) study area, and (b) individual-level exposure stratified by study area, with (i) travel and travel time, (ii) bus use and bus time, (iii) car use and car time and (iv) walking and walking time. The final models were adjusted for age, sex, home ownership, car ownership, working status and years lived in the local area. For all analyses using study area as the exposure, we used the North (no motorway) study area as the reference category. In the longitudinal cohort analyses we modelled the outcome as the follow-up value adjusting for the baseline value of that variable, which we interpreted as within-participant change over time. In the cohort analyses using individual-level exposure stratified by study area, we only carried out the first stage of the two-part model (logit regression) due to the small number of non-zero values available for the second stage of the model. For the repeat cross-sectional analyses we added a variable indicating time point, whereby the coefficient of the interaction between the time point and exposure gave an indication of the population shift in the outcome over time.
In the cohort analysis, we tested for interactions by car ownership. Finally, as a sensitivity analysis, we re-ran the repeat cross-sectional analyses using all participants who had provided data at either time point (i.e. both longitudinal and repeat cross-sectional participants).
Results
Response
1,345 completed surveys were returned at T1 and 1,343 at T2. After accounting for survey packs which could not be delivered (676 at baseline and 509 at follow-up), the response was similar at both time points: 16.1% at T1 and 15.8% at T2. The longitudinal cohort comprised the 365 participants who returned surveys at both time points. The remaining 980 (T1) and 978 (T2) participants together formed the repeat cross-sectional sample. After cleaning, 1,141 travel records in total were suitable for analysis at T1, and 1,206 were suitable at T2. A total of 71 ineligible journeys were removed at T1, and 92 were removed at T2. Table 2 presents descriptive characteristics of the longitudinal and repeat cross-sectional samples. Table 3 presents sociodemographic characteristics and unadjusted summary measures of travel by study area. There were no significant sociodemographic differences between study areas in the longitudinal cohort. However, in the T2 repeat crosssectional sample, on average participants in the North (no motorway) study area were older, and participants in the South (new motorway) had lived fewer years in their locality, than those in the other areas (there were no significant differences at T1).
In the cohort, significant changes over time in age, working status and duration of residence in the local area were consistent with an ageing sample. In the repeat cross-sectional sample, the members of the T2 sample were on average older, with a higher proportion of men and car owners, than those of the T1 sample. In both the longitudinal and repeat cross-sectional samples, the proportion of participants undertaking any travel, and using any of the various modes of transport analysed, was on average markedly and significantly lower at T2 than at T1 (Table 2) .
Compared to the rest of the T1 sample, cohort participants were significantly more likely to be men (43% versus 37%, p=0.034), home owners (61% versus 48%, p < 0.001), car owners (58% versus 49%, p=0.002), and to be employed or studying (59% versus 48%, p=0.001). They were correspondingly significantly more likely to travel (90% versus 85%, p=0.033) and to use a car (52% versus 44%, p=0.025) at baseline.
Cohort analysis
The results of the multivariable two-part regression models are displayed in Table 4 . Compared to those in the North (no motorway) study area, cohort participants in the South (new motorway) were significantly more likely to undertake travel by any mode at follow-up (odds ratio [OR] 2.1, 95% confidence interval [CI] 1.0-4.2), and those in the East (existing motorway) were significantly more likely to use the bus at follow-up (OR 2.4, 95% CI 1.1-5.2). However, there were no differences between study areas for either time spent travelling in general, or time spent using any mode of transport in particular.
Within the South (new motorway) study area, participants living closer to a motorway junction were more likely to use a car and to undertake travel by any mode at follow-up than those living further away, but only the finding for any travel remained statistically significant in the maximally adjusted model (OR 4.7, 95% CI 1.1-
19.7).
Within the East (existing motorway) study area, a significant interaction was found by car ownership. Stratified analysis indicated that in participants who owned a car, those living closer to a motorway junction were more likely to use the bus at follow-up than those living further away (OR 4.5, 95% CI 0.9-21.5), an effect not found in those without a car.
Repeat cross-sectional analysis
The results of the multivariable two-part regression models are displayed in Table 5 . There were no significant differences between study areas for either likelihood of, or time spent using, any or all modes of travel. However within the South (new motorway) study area, participants living closer to a motorway junction were more likely to use a car at follow-up than those living further away (OR 3.4, 95% CI 1.1-10.7). The sensitivity analysis did not substantially change these findings.
Discussion
Main findings
Against a backdrop of a decrease in travel over time, we found some evidence that the new M74 motorway promoted relative increases in travel generally, and car use more specifically, in those living nearby. The findings in cohort participants -an increased likelihood of travel in those living in the general area, and in those living nearer to a motorway junction -suggest that the effects of a new motorway may have been particularly pronounced in a group who were already wealthier and more mobile than the general local population. The new motorway also appeared to promote car use in the local population living near a motorway junction, although not in the cohort analysis. This may reflect the higher prevalence of car ownership at follow-up in the repeat cross-sectional sample, with motorway construction encouraging those with cars to move into the area, or encouraging those already in the area to acquire them. This could be expected to disadvantage the half of our sample who did not own a car. Notably, we did not find any effects (either an increase or a decrease) on active travel, contrary to claims made by both advocates and opponents of the new motorway.
Four-week (Transport Scotland, 2012a), 16-week (Transport Scotland, 2012b) and one-year (Transport Scotland, 2015) evaluations of the new motorway conducted by Transport Scotland indicated min -minutes; n -number; T -time point; SD -standard deviation. North -study area containing no motorway infrastructure; East -study area containing existing M8 motorway; South -study area containing new M74 motorway. a In paid employment (full or part-time), full-time student, or undertaking voluntary work.
marked reductions in traffic flows and journey times across parts of the motorway network, suggesting that the primary objective of relieving congestion was achieved. Decreases in traffic flow on the local road network were also observed, with the exception of local streets leading to the new motorway junctions, where traffic increased. The findings of our study suggest that a major piece of transport infrastructure designed to improve the efficiency of travel and facilitate car use did indeed promote travel and car use. These findings mirror, and are conceptually consistent with, previous work which suggests that creating new active travel infrastructure can promote active travel (National Institute for Health and Clinical Excellence (NICE), 2008; Goodman et al., 2014; Panter et al., 2016) .
Strengths and limitations
This study adds to a small but growing body of evidence examining how changes in the built environment influence changes in travel behaviour, in accordance with calls for more evidence of this nature (National Institute for Health and Clinical Excellence (NICE), Craig et al., 2012) . This study is one of very few examining the effects of environmental interventions on active living in deprived populations. We used a travel record that allowed us to disaggregate individual travel modes, and objectively defined area and individual-level exposures using a GIS. We controlled for a series of potential confounders in all models in a combination of longitudinal and repeat cross-sectional analyses, and used two-part models, which have seldom been used in this field but are an efficient way of combining analytical options.
The limitations of our study include the collection of only one day of travel data, which raises the possibility that travel on a given sampled day was not typical and increases the variability in the data. There was a comparatively low response to the survey, which -coupled with missing data on the travel diary -limits the external validity of the findings, although our response rate was not unusual for this type of natural experimental study (Sahlqvist et al., 2011; Cummins et al., 2005) . We chose to include a repeat cross-sectional design because we anticipated considerable attrition of the cohort, and this was confirmed, with approximately 70% of the original baseline sample lost after eight years of follow-up. However, again this was comparable to that of other similar studies (Goodman et al., 2014; Egan et al., 2013) . The marked reductions in travel evident at follow-up may have been an artefact of measurement, or a reflection of a real decline, or both. Importantly, this decline was consistent across samples and study areas, which suggests our examination of intervention effects using relative comparisons by study area and proximity is still valid. The cohort and repeat cross-sectional analyses did not fully correspond. However, the approaches differ in terms of examining individual and population-level effects respectively, and it is likely the intervention operated differently at these levels. Finally, the possibility of unmeasured confounding related to other regeneration projects or concurrent changes in the built environment is a core challenge of this type of natural experimental research, and is further elaborated below. 
Implications for research
The finding of an increased likelihood of bus use over time in cohort participants living in the study area containing the existing M8 motorway, and in car owners living near an M8 motorway junction, highlights the issue of competing interventions and unmeasured confounding in natural experimental research. Causal attribution of increasing bus use between 2005 and 2013 to a motorway built in the 1960 s seemed unlikely. Rather, it seems more likely that these findings reflected concurrent improvements to bus network provision in the East (existing motorway) study area. In particular, car owners may have a greater choice of transport mode than non-car owners, and thus may be more amenable to changing modes when public transport provision improves. In contrast, non-car owners may be more constrained in their travel choices and need to use public transport regardless of improvements in provision. This interpretation is further supported by the fact that bus services do run on the M8 motorway (and on other motorways in Glasgow, including the M74), though these are not generally serving local journeys.
An initial scoping exercise indicated that public transport improvements had taken place in this area, but the scale of work required to comprehensively assess and quantify this additional time-varying exposure was outwith of the scope of the current study. Therefore, while assessing the 'face validity' of causal statements and identifying potential competing interventions is an important step toward enhancing the internal validity of natural experimental studies, delineating these competing interventions can be as complex as delineating the intervention under study, if not more so.
Implications for policy
Car ownership is patterned by deprivation, with lower ownership in lower income groups (Dargay, 2001) . In this study, approximately 50% of our repeat cross-sectional sample and 40% of our cohort did not own a car, compared with a Scottish national average of 29% in /12 (Transport Scotland, 2014 . In Scotland, lower income is associated with less travel by car, a lower number of journeys and lower overall distance travelled, and not owning a car is also associated with a lower number of journeys (Transport Scotland, 2014) .
The new M74 motorway appeared to promote travel and car use, and thus may have contributed to existing socioeconomic inequalities relating to income and car ownership in local communities. This is despite a stated commitment by the Scottish Government to invest in sustainable modes of transport and to increase the accessibility of the transport network to disadvantaged communities in particular (Transport Scotland, 2016) , which is echoed further in regional transport policy documents (Strathclyde Partnership for Transport, 2014) . The results of this study suggest a potentially inequitable distribution of the benefits of the new motorway on traffic congestion and journey times in local communities. Emerging findings from a complementary body of qualitative research suggests that car owners differed from non-car owners in terms of their experience of the new motorway as a connecting or severing force, and data from a second complementary investigation, in which a subsample of study participants underwent objective activity monitoring using accelerometers and global positioning system receivers, is currently being analysed. These findings will be explored in detail in future reports before compiling a more comprehensive picture to help guide future policy on investing in major transport infrastructure.
Conclusions
The new M74 motorway appeared to promote travel and car use in those living nearby, but did not influence active travel behaviour. It therefore has the potential to reinforce existing socioeconomic inequalities in health, particularly for those who do not own a car. 
